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Spec if ica t io n 



DEVICE AND METHOD FOR PLASMA PROCESSING 
5 BACKGROUND OF THE INVENTION 

Field o f t he Inv e ntion 

The present invention relates to a plasma processing 

apparatus and a plasma processing method for generating plasma 

using electron cyclotron resonance (ECR) by a microwave and a 

10 magnetic field and processing a substrate, for example, a 

semiconductor waf er on the basis of the plasma. 
«^ — ■ . — - 

De s crip t ion o f th e Relat e d Art 

A plasma processing apparatus using ECR generates microwave 
of, for example, 2.45 GHz into a vacuum plasma processing chamber 

15 via a wave guide, at the same time, applies a magnetic field of , 
for example, 875 gauss by, for example, an electromagnetic coil, 
converts plasma generation gas to high-concentration plasma by 
the mutual action (resonance) of the microwave and magnetic field, 
and performs the film depositing process and etching process on 

2 0 the basis of this plasma. 

On the other hand, from the requests of footprint reduction 
and cut-down of cost, an apparatus for airtightly connecting a 
plurality of plasma processing units to a common transfer chamber 
and accessing each plasma processing unit by a transfer arm in 

2 5 the transfer chamber has been developed. Fig. 6 shows an 

appearance of such a kind of apparatus. In this specification, 
plasma processing units 1A and IB connected to a transfer chamber 
10 are called plasma processing units and the whole is called 
a plasma processing apparatus. 

3 0 Each of the plasma processing units 1A and IB has a vacuum 

processing chamber 13 including a first vacuum chamber 1 1 composed 
of a small-diameter cylinder and a second vacuum chamber 12 
composed of a large-diameter cylinder, a wave guide 14 which is 
connected to the top of the first vacuum chamber 11 via a microwave 
3 5 transmission window not shown in the drawing and leading a 
microwave into the vacuum processing chamber 13, for example, 
in the TM mode, and a microwave generator 14a installed at the 
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base end of the wave guide 14. A wafer W transferred onto a 
mounting stage not shown in the drawing in the second vacuum 
chamber 12 from the transfer chamber 10 is processed by plasma. 
The wave guide 14 is composed of a conical wave guide 
5 positioned above the first vacuum chamber 11 which is widen toward 
the end, a cylindrical wave guide 16 connected on the conical 
wave guide 15, and a rectangular wave guide 17 connected 
perpendicularly to the side of the cylindrical wave guide 16. 
Fig. 7 is a schematic plan view showing the location relationship 

10 between the wafer W on the mounting stage and the rectangular 
wave guide 17 when the plasma processing apparatus shown in Fig. 
6 is viewed from the top. The wave guide 14 and the microwave 
generator 14a are indicated by dotted lines. As shown in Figs. 
6 and 7, both of the rectangular wave guide 17 of the plasma 

15 processing unit 1A and the rectangular wave guide 17 of the plasma 
processing unit IB are hook-shaped and arranged symmetrically 
right and left, that is, symmetrically about the center axis line 
of the transfer chamber 10 in the horizontal direction. In Fig. 
7, numeral 10a indicates a transfer arm, which transfers, for 

2 0 example, the wafer W positioned outside the transfer chamber 10 

to the mounting stages of the plasma processing units 1A and IB. 

In the aforementioned apparatus, since the wafer W is 
positioned, in both plasma processing units 1A and IB, for example, 
the V-shaped notch for positioning the wafer W is directed toward 
25 the rotational center P of the transfer arm 10a. On the other 
hand, the rectangular wave guides 17 of the plasma processing 
units 1A and IB are positioned symmetrically right and left, so 
that the positions of the rectangular wave guides 17 for the 
direction of the wafer W are different from each other. 

3 0 A microwave is propagated through the rectangular wave guide 

17 in the TE mode and the TE mode is converted to the TM mode 
at the connector with the cylindrical wave guide 16. In the 
cylindrical wave guide 16, the electric field intensity 
distribution should be originally concentrically (the direction 
35 of the electric field is the direction of the diameter) . However, 
the distribution is actually one-sided. Fig. 8 is a drawing for 
showing this situation schematically and the numbers (1) to (5) 
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stated in the drawing indicate the intensity of each of the divided 
areas. A smaller number among the numbers (1) to (5) indicates 
weaker intensity of the electric field. 

As the microwave moves toward the mounting stage, the degree 
5 of deviation of the electric field is reduced . However, in a state 
that there is a deviation of the electric field at the ECR point 
where ECR is generated, high-concentration plasma is generated, 
so that the plasma concentration distribution (concentration 
distribution of ions and electrons) is also deviated from the 

10 concentric state. Therefore, viewed from the wafer W, the degree 
of deviation of the plasma concentration is different between 
the plasma processing units 1A and IB, so that the processing 
condition in the surface of the wafer W is different between them. 
For example, when the film forming process is performed, the film 

15 thickness distribution is different and for example, when the 
etching process is performed, variations in the degree of grooving 
are different. 

As mentioned above, when the effect of deviation of a 
microwave in the TM mode, that is, the effect of the electric 

2 0 field intensity distribution is different between the plasma 

processing units 1A and IB and as a result, there is a difference 
in the processing condition of the wafer W, for example, when 
the processing condition is bad, the analysis of the cause and 
subsequent adjustment and improvement are complicated and hard 
25 to be carried out and the management of each unit is difficult. 

Summary o f t he Invention 
The present invention was developed with the foregoing in 
view and is intended to provide an apparatus and method for 

3 0 eliminating differences in the processing condition of a 

substrate between the plasma processing units. 

The present invention provides a plasma processing apparatus 
comprising: a plurality of plasma processing units, each having 
a vacuum processing chamber including a mounting stage for 
35 mounting a substrate with a reference point and a wave guide for 
introducing high frequency waves into this vacuum processing 
chamber for converting process gas to plasma by high frequency 
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waves and processing the substrate by the plasma; and a common 
transfer chamber which is airtight ly connected to these plurality 
of plasma processing units and includes a transfer arm for 
transferring the substrate to the mounting stage in the fixed 
5 transfer direction and in a state that the reference point of 
the substrate is positioned with respect to the transfer arm, 
wherein between the plasma processing units, the location 
relationship of the wave guide to the transfer direction of the 
transfer arm is the same. 

10 The process to be performed for the substrate is, for example, 

the film forming process and etching process. 

According to the present invention, the reference point 
of the substrate is positioned against the transfer arm and the 
location relationship of the wave guide of each plasma unit to 

15 the transfer direction of the transfer arm is the same, so that 
the location relationship of the wave guide to the reference point 
of the substrate is the same between the plasma processing units. 
Therefore, even if the electric field intensity distribution of 
high frequency waves introduced from the wave guide is deviated 

2 0 and the plasma concentration on the basis of it is not uniform, 
there is no difference in the effect of the deviation of the 
electric field intensity distribution for the substrate between 
the plasma processing units. Therefore, analysis of the 
processing condition and improvement of the apparatus can be 

2 5 easily carried out. 

The present invention provides a plasma processing method 
for performing a predetermined process for a substrate by a plasma 
processing apparatus comprising a plurality of plasma processing 
units, each having a vacuum processing chamber including a 

3 0 mounting stage for mounting a substrate with a reference point 

and a wave guide for introducing high frequency waves into this 
vacuum processing chamber for converting process gas to plasma 
by high frequency waves and processing the substrate by the plasma 
and a common transfer chamber which is airtightly connected to 
35 these plurality of plasma processing units and includes a transfer 
ana for transferring the substrate to the mounting stage in the 
fixed transfer direction comprises the steps of: transferring 
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the substrate with a reference point to the mounting stages of 
the plasma processing units from the transfer chamber and making 
the location relationship between the reference point of the 
substrate to be mounted on the mounting stage to the wave guide 
5 equal between the plasma processing units and, performing the 
plasma process for the substrate in a state that the location 
relationship of the reference value of the substrate to be mounted 
on the mounting stage to the wave guide is kept the same between 
the plasma processing units. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing a plasma processing 
apparatus relating to the embodiment of the present invention. 

Fig. 2 is a cross sectional view showing plasma processing 
15 units which are a part of a plasma processing apparatus. 

Fig. 3 is a perspective view showing a wave guide of a plasma 
processing unit. 

Fig. 4 is a schematic plan view showing a plane layout of 
the aforementioned plasma processing apparatus. 

2 0 Fig. 5 is an illustration showing the electric field intensity 

distribution and wafer position in correspondence with each 
other . 

Fig. 6 is a schematic view showing a conventional plasma 
processing apparatus. 
25 Fig. 7 is a schematic plan view showing a plane layout of 

a conventional plasma processing apparatus. 

Fig. 8 is an illustration showing the condition that the 
electric field intensity distribution is deviated from a 
concentric circle. 

3 0 Descrip tion of the Preferred Embodiments 

Fig. 1 is a schematic view showing the whole constitution 
of a plasma processing apparatus relating to the embodiment of 
the present invention. The plasma processing apparatus has a 
transfer chamber 2 which is a vacuum container, and a plurality 
35 of, for example, two plasma processing units 3A and 3B having 
the same structure which are airtightly connected to the transfer 
chamber 2 . 
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The structures of the plasma processing units 3A and 3B will 
be explained by referring to Fig. 2. In Fig. 2, numeral 31 
indicates a vacuum processing chamber and the vacuum processing 
chamber 31 has a first cylindrical vacuum chamber 32 with a small 
5 diameter and a second cylindrical vacuum chamber 33 with a large 
diameter. In the first vacuum chamber 32, plasma gas nozzles 30 
equally arranged in the peripheral direction are projected and 
installed. In the second vacuum chamber 33, a ring-shaped gas 
feed unit 34 is installed and film forming gas introduced from 

10 a gas feed tube 35 is fed into the vacuum processing chamber 31 
from the gas feed unit 34. 

In the second vacuum chamber 33, a mounting stage 4 for 
mounting a semiconductor wafer W (a substrate) is installed. A 
high frequency power source 70 is connected to the mounting stage 

15 4 so as to apply a bias voltage for pulling in ions to the wafer 
W. In the side wall of the second vacuum chamber 33, a transfer 
port 22 to be opened and closed by a gate valve 21 is formed and 
the second vacuum chamber 33 is airtightly connected to the 
transfer chamber 2 via the transfer port 22 . Numeral 36 indicates 

2 0 an exhaust tube. 

A main electromagnetic coil 41 and an auxiliary 
electromagnetic coil 41 are respectively installed around the 
first vacuum chamber 32 and under the second vacuum chamber 33as 
magnetic field forming means, and a flow of magnetic flux in a 
25 predetermined shape is formed in the vacuum processing chamber 
31 by these electromagnetic coils 41 and 42, and a magnetic field 
of 875 gauss is formed at the ECR point. 

On the other hand, the upper end surface of the vacuum 
processing chamber 31 is composed of a transmission window 37 

3 0 composed of a circular dielectric for transmitting a microwave. 

A wave guide 5 for supplying a microwave of, for example, 2.45 
GHz in the TM mode, for example, TM01 mode is installed on the 
top of the transmission window 37. The wave guide 5, as shown 
in Figs. 2 and 3, is structured so that the end of the outlet 
35 side of a rectangular wave guide 51 is bent downwardly at right 
angle and connected to the upper side of a cylindrical wave guide 
52 and the outlet side (lower end) of the cylindrical wave guide 
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52 is connected to the inlet side (upper end) of a conical wave 
guide 53 which widens toward the lower side. The connection 
portion of the rectangular wave guide 51 and the cylindrical wave 
guide 52 is a TMmode converter. The inlet side of the rectangular 
5 wave guide 51 is connected to a microwave generator 54 which is 
a high frequency power source and on the other hand, the outlet 
side (lower side) of the conical wave guide 53 is connected to 
the top of the transmission window 37. Fig. 3 is a perspective 
view showing a part of the wave guide 5. 

10 A characteristic of this embodiment is that in both the plasma 

processing units 3A and 3B, the wave guide 5 has the same structure, 
that is, the volume and length of the wave guide 5 are the same 
and the location relationship of the wave guide 5 to the wafer 
W mounted on the mounting stage 4 in a predetermined direction 

15 is the same. Namely, the volume and height of the cylindrical 
wave guide 52 and the conical wave guide 53 are the same in either 
of the plasma processing units 3A and 3B and the structure and 
shape of the rectangular wave guide 51 are also the same. 
Furthermore, as shown in Fig. 4, as viewed in the plane shape 

2 0 (viewed from the top), the location relationship of the 
rectangular wave guide 51 to the axial lines Ml and M2 connecting 
the center 4a of the mounting stage 4 and the center 22a of the 
width of the transfer port 22 is the same. In the plasma 
processing apparatus shown as a conventional example, the 

25 rectangular wave guides of both the plasma processing units are 
arranged symmetrically right and left and the embodiment of the 
present invention is different in this respect. 

In Fig. 4, numeral 61 indicates a rotary and flexible transfer 
arm of a multi- joint type round the Z axis and is installed in 

30 the transfer chamber 2. The transfer arm 61 transfers the wafer 
W between a reserve vacuum chamber 62 connected to the transfer 
chamber 2 and the mounting stages 4 in the plasma processing units 
3 A and 3B . Numeral 63 indicates a transfer arm located in the 
atmosphere and numeral 64 indicates a turntable which is a part 

35 of the positioning unit for positioning the wafer W. 

In this case, the wafer W has a positioning notch (V-shaped 
notch) 100 and the notch 100 functions as a reference point of 
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the wafer W. The transfer arm 61 in the transfer chamber 2 
transfers the wafer W in a state that the notch 100 of the wafer 
W is positioned to the transfer arm 61. When the transfer arm 
61 transfers the wafer W to the mounting stage 4 of each of the 
5 plasma processing units 3A and 3B, it transfers the wafer W in 
a fixed transfer direction. The transfer direction of the wafer 
W coincides with the axial lines Ml and M2 connecting the center 
4a of each of the mounting stages 4 and the center 22a of the 
width of each of the transfer ports 22. 

10 The operation of positioning the notch 100 of the wafer W 

to the transfer arm 61 is performed by the turntable 64 and the 
transfer arm 63 and a positioning means is structured by the 
turntable 64 and the transfer arm 63. 

Next, the operation of the aforementioned embodiment will 

15 be explained by referring to an example that the film forming 
process is to be performed. Firstly, the transfer arm 63 shown 
in Fig. 4 takes out the wafer W from a cassette not shown in the 
drawing and transfers it to the turntable 64 of the positioning 
unit and the wafer W is positioned here so that the direction 

20 and center are set as specified. Next, the wafer W is transferred 
from the transfer arm 63 to the transfer arm 61. The wafer W is 
transferred to, for example, the mounting stage 4 of the plasma 
processing unit 3 A by the transfer arm 61 in a predetermined 
transfer direction (axial line Ml ) via the reserve vacuum chamber 

25 62 and the transfer chamber 2. In this case, the wafer W, as 
mentioned above, is positioned beforehand by the turntable 64 
and the transfer arm 63 so that the positioning notch 100 is 
directed to the rotational center P of the transfer arm 61. As 
a positioning reference part of the wafer W, not only the notch 

3 0 but also the orientation flat may be used. Then, the gate valve 
21 is closed so as to enclose the inside of the vacuum processing 
chamber 31, and the internal atmosphere of the vacuum processing 
chamber 31 is exhausted so as to evacuate down to a predetermined 
degree of vacuum. Then plasma generation gases such as 0 2 gas 

3 5 and Ar gas are introduced into the first vacuum chamber 32 through 
the plasma gas nozzle 30, and also SiH 4 gas and SiF 4 gas are 
introduced into the second vacuum chamber 33 through the gas feed 
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unit 34. In this case, the inter pressure is kept at a 
predetermined process pressure, and a microwave is introduced 
from the microwave generator 54, and the film forming process 
for the wafer W is started. 
5 A microwave (high frequency waves) of 2.45 GHz from the 

microwave generator 54 is transferred in the rectangular wave 
guide 51 in the TE mode and the TE mode is converted to the TM 
mode at the connector of the rectangular wave guide 51 and the 
cylindrical wave guide 52. The microwave is transferred in the 

10 conical wave guide 53 as it is in the TM mode. The microwave then 
reaches the ceiling of the vacuum processing chamber 31, goes 
through the transmission window 37, and is introduced in the first 
vacuum chamber 32. In the vacuum chamber 32, the electric field 
generated by the electromagnetic coils 41 and 42 is applied. 

15 (Electric field) x (magnetic field) is induced by the mutual 
action of the magnetic field and microwave, and electron cyclotron 
resonance is generated at the ECR point where the magnetic flux 
density is 875 gauss. As a result, Ar gas and 0 2 gas are converted 
to plasma by the resonance and highly densed. 

2 0 The plasma flow flowing from the first vacuum chamber 32 into 

the second vacuum chamber 33 activates SiH 4 gas and SiF 4 gas which 
are reactive gases fed in the second vacuum chamber 33, to form 
an active species, and is transferred to the wafer W. In this j 
way, an^Sip 2 f ilm and an SiOF film are formed on the surface of : 
25 the wafer W. The next wafer W is transferred into the plasma 
processing unit 3B and processed in the same way. 

According to the aforementioned embodiment, the wafer W, in 
either of the plasma processing units 3A and 3B, is so positioned 
that the notch 100 of the wafer W is directed toward the rotational 

3 0 center of the transfer arm 61 and the wave guides 5 and 5 of the 

plasma processing units 3A and 3B coincide with the transfer 
directions (the directions of the axial lines Ml and M2) of the 
transfer arm 61. As a result, the location relationship of the 
wave guide 5 of the plasma processing unit 3A to the notch 100 
3 5 of the wafer W is the same as that of the wave guide 5 of the 
plasma processing unit 3B to the notch 100 of the wafer W. The 
sectional shape and length of both the wave guides 5 are also 
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the same. Therefore, even if the electric field intensity 
distribution of a microwave introduced from the wave guide 5 is 
deviated and the plasma concentration on the basis of it is not 
uniform, there is no difference in the effect of the deviation 
5 of the electric field intensity distribution for the wafer W 
between the plasma processing units 3A and 3B. Therefore, the 
analysis of the processing condition of the wafer W, for example, 
when the intra-surf ace uniformity of the film thickness is bad 
the clear ing-up of the cause can be easily carried out and the 

10 improvement of the apparatus structure and parameters such as 
the shape of magnetic field can be easily adjusted. 

The plane shape of the rectangular wave guide 51 is not limited 
to the hook shape as mentioned above and for example, it may be 
extended linearly. The plasma process is not limited to the film 

15 forming process and for example, it may be a process of feeding 
CF gas or the like from the plasma gas nozzle 30 for etching an 
Si0 2 film or a process of feeding hydrogen chloride gas for etching 
aluminum. Even in a case of etching, the present invention 
produces an effect that analysis of uneven etching and improvement 

2 0 of the apparatus can be performed easily. 

An example that a microwave is transmitted as high frequency 
waves from the microwave generator 54 via the wave guide 5 is 
disclosed above. However, there is no limit to the above and it 
is also possible to use UHF waves as high frequency waves instead 

25 of a microwave and generate electron cyclotron resonance by the 
mutual action of the UHF waves and magnetic field. 

As mentioned above, according to the present invention, 
in the apparatus that a plurality of plasma processing units using 
ECR are connected to the transfer chamber, a difference between 
the plasma processing units can be eliminated with respect to 
the processing condition for a substrate, and therefore analysis 
of the processing condition and improvement of the apparatus can 
be easily performed. 



